A method for objective evaluation of the difficulty of endotracheal intubation is described. Our data indicate that the angle formed by the light-beam axis of the laryngoscope blade and the laryngotracheal axis, which we call "angle ϕ", is analogous to the degree of difficulty of endotracheal intubation. Using this method, we compared the effectiveness of a standard Macintosh and a modified bevelled Macintosh blade in 27 tracheostomized Intensive Care Unit patients under general anaesthesia. Statistical analysis of our results indicate that the bevelled blade significantly facilitates endotracheal intubation.
The need for complete control of the upper airway and the constantly increasing application of mechanical ventilation have made endotracheal intubation one of the most important procedures in anaesthesia, emergency and intensive care medicine 1, 2 .
The difficulty of laryngoscopy has been classified into four grades, according to the view of the entrance of the larynx 3 .
The incidence of difficult laryngoscopy appears to be approximately 1% to 4% and is higher in the obstetric population 4 . The degree of glottic exposure as described by Cormack and Lehane allows interobserver comparison of the difficulty of laryngoscopy. Patients with grade 4 difficulty and many with a grade 3 view are likely to present difficulties and may even be impossible to intubate. Successful direct laryngoscopy for exposure of the glottic opening requires alignment of the oral, pharyngeal, and laryngeal axes.
Stable points of the neck during the flexion/extension movements of the head have been reported by Alexopoulos et al 5 . According to these authors, the plane at the level of the cricoid cartilage and 40 mm below is not affected by these movements. Using this observation, Horton et al 6 described a method by which a standard intubation position can be defined, using a simple instrument called an "angle finder".
In this report, we describe a method which allows an objective evaluation of the difficulty of endotracheal intubation by comparing two different laryngoscopic blades.
MATERIALS AND METHODS

Instruments
Two Macintosh laryngoscope blades of the same length and manufacturer were used in this study (Co Riester No 3). One of them was modified by us in such a way that a stable inward bevelling at 20° was formed 4 cm proximal to the tip.
Patients and intubation position
After Ethics Committee approval twenty-seven tracheostomized patients were subjected to direct laryngoscopy. All patients were under midazolam/ opioid anaesthesia. Pancuronium 0.1 mg/kg was used for muscle relaxation. The onset and duration of neuromuscular block were assessed by measuring the electromyographic response (T1-T4) of the adductor pollicis muscle. Bolus doses of pancuronium (2 mg IV) were given to maintain 95% T1 suppression during the whole procedure. For each patient laryngoscopy was conducted first with the standard blade and subsequently with the modified one. In all cases, care was taken to keep the intubation position constant, using the "angle finder" instrument according to Horton et al 6 . The head extension angle was 15°, the neck flexion angle was 35° and the laryngoscope handle position was maintained at 30° ( Figure 1 ).
X-ray
After each laryngoscopy and clinical evaluation of the difficulty according to the Cormack-Lehane scale 3 , a side view of the area of the upper airway was X-rayed while using the standard Macintosh blade and thereafter the modified blade, keeping the X-ray apparatus and films in constant positions. Oxygen 5 l/min was provided in the laryngeal lumen through a 14 gauge suction catheter for five minutes before laryngoscopy in order to achieve better depiction of the laryngeal ventricle on the X-ray films.
The angle formed by the light-beam axis of the laryngoscope blade and the laryngotracheal axis, defined as the perpendicular axis of the anterior/ posterior laryngeal ventricle axis, was determined on the X-ray films. This angle was called "angle ϕ" and an X-ray is shown in Figure 2 .
RESULTS
The clinical evaluation data according to the Cormack-Lehane scale are shown in Table 1 . These data indicate that the modified blade significantly decreases the difficulty of endotracheal intubation. In order to have an objective evaluation, we measured the "angle ϕ" on the X-ray films as described in Materials and Methods. The data from these measurements are shown in Table 2 . To test whether the values of the "angle ϕ" differ significantly among each other, we proceeded to statistical analysis using the Kuiper's test 7 . The basic idea of this test is to compare the sample distribution functions: the larger the deviation between these distribution functions, the more significant difference between the samples. F 1 (ϕ 1 ) and F 2 (ϕ 2 ) of ϕ 1 and ϕ 2 values, respectively. As can be seen, the maximum deviations of the cumulative frequency functions are D + =0.77 and D -=0. These values clearly indicate that the two sample values differ significantly from each other. The test statistic K=nm (D + +D -) for n=m=27 samples was calculated to be 561,33. This value exceeds the critical value L (α=0.001)=438.5 estimated from the table N of Kuiper's one sample test, concluding that the "angle ϕ" obtained with standard and modified blades are strongly different at a significance level of α=0.001.
DISCUSSION
Difficult endotracheal intubation is one of the major problems in anaesthesia, emergency and inten-sive care medicine. Several techniques have been developed in order to facilitate endotracheal intubation 1,2 . In 1926 Magill described the straight laryngoscope blade 1 and since then, the main types of blade in use are the curved-tip Miller blade 1 and the widely used curved Macintosh blade 1 . Each of these blades exhibit advantages and disadvantages depending on the patient's anatomical structure of the upper airway. To overcome these problems, several modifications of the commonly used blades have been described 2, [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] .
Comparative evaluation of the effectiveness of these blades has been limited due to the absence of objective criteria 2 . The use of the "angle finder" instrument proposed by Horton et al 6 allows the determination of standard intubating position but the evaluation of the difficulty of endotracheal intubation under these standard conditions is still pending.
The "angle ϕ" defined as Materials and Methods is a safe criterion for the objective evaluation of the intubation difficulty. Our data clearly indicate that the value of this angle is analogous to the difficulty of endotracheal intubation (Tables 1 and 2 ). Furthermore, our data indicate that the modified bevelled blade facilitates significantly difficult endotracheal intubations and strongly support the observations of McCoy and Mirakhur obtained with the levering laryngoscope 18 .
In conclusion, we propose that "angle ϕ" should be used as a reliable criterion for objective evaluation of the difficulty of endotracheal intubation allowing the comparison of different laryngoscopes and intubation techniques. 3°3  10°3  4°5  11°2  5°4  12°9  6°3  13°5  7°2  14°1  8°2  15°1  9°1  16°1  10°1  17°2  11°1  19°1  12°1  24°1 20°1 27°F IGURE 3: Statistical analysis of the values of "angle ϕ" in 27 patients. F1 (ϕ1) and F2 (ϕ2) are the empirical distribution functions of these values for standard and modified MacIntosh blades, respectively, as calculated from the data of Table 2 .
